Abstract The textile dyeing industry consumes large quantities of water and produces large volumes of wastewater from different processes in dyeing and finishing processes. The low-cost, easily available naturally prepared coagulants like Surjana seed powder (SSP), Maize seed powder (MSP) and Chitosan as an ideal alternative to recent expensive coagulant methods for Congo Red (CR) dye removal has been investigated in this study. Various process parameters like pH, coagulant dose, flocculation time and temperature and also its optimization were exploited. The maximum percentage CR removal was found to be 98.0, 94.5 and 89.4 for SSP, Chitosan and MSP, respectively, at pH 4.0, coagulant dose of 25 mg/l, flocculation time 60 min and temperature of 340 K. The Sludge Volume Index (SVI) and turbidity were calculated for these parameters including process optimization. SSP found more preferable for CR removal and Chitosan was a better coagulant, which corresponds to SVI than the other coagulants investigated.
Introduction
Textile industries are one of the most common and essential sectors in the world. On the other hand, high volume of water consumption and varying wastewater characteristics due to many products, such as dyes, biocides, carriers, detergents, etc. used in the process are the factors that have caused a continuous effort to find appropriate technologies to treat textile industry wastewater (Eremektar et al., 2007) . Wastewater generated by the dye production industry and many other industries which uses dyes and pigments are high in both color and organic content. About 10,000 different commercial dyes and pigments exist, and over 7 · 10 5 tons are produced annually world-wide. It has been estimated that about 10-15% of these dyes are released as effluents during the dyeing processes (Gomez et al., 2007) .
Dye based effluents are normally not amenable for conventional biological wastewater treatment due to their recalcitrant and inhibitory nature as the dyes usually have synthetic origin and complex aromatic molecular structures, which make them more stable and more difficult to biodegrade (Mohan et al., 2008) . Firstly, several classes of dyes are considered as possible carcinogens or mutagens by European and American authorities. Secondly, the high coloring power of dyes gives rise to esthetic damage: dye concentrations lower than 1 ppm may induce visible coloration and hence public complaints (Metivier-Pignon et al., 2007) . In water and wastewater treatment, coagulation and flocculation are used for removing high concentration organic pollutants, heavy metals and some anions (Wang et al., 2002) . Different coagulants provide different degrees of destabilization. Higher the valence of the counter-ion, greater the coagulant's destabilizing effect will be, and lower the dose required (Al-Malack et al., 1999) . Aluminium and iron coagulants are effective for the removal of humic substances. Alum, ferrous sulfate, ferric chlorosulfate and ferric chloride were commonly used. Also, it was reported that iron salts were more efficient than aluminium, and that the addition of flocculant and coagulant together may enhance the floc-settling rate (Lu et al., 1999; Amokrane et al., 1997) . Now, the treatment technologies recommended to meet the color removal requirements are physico-chemical treatment operations, including adsorption, oxidation, chemical precipitation, etc. Each has its merits and limitations in application. Researchers have been focusing their attention to study the physicochemical methods such as coagulant as an economic and viable method due to its highly selective nature as an alternate treatment method for dye wastewater. Some naturally prepared coagulants for color removal were also investigated Aliu, 2008, 2009) .
Present study was intended to remove Congo Red dye from its aqueous solution using naturally prepared coagulants viz. SSP, MSP and Chitosan. The effect of various parameters like pH, coagulant dose, flocculation time and temperature was investigated. The process optimization was also studied. The SVI and turbidity were evaluated for various parameters.
Material and methods

Coagulant
Surjana (scientific name: Moringa oleifera) is the most widespread species, which grows quickly at low altitudes, generally used as vegetable, medicine and sources of vegetable oil. Maize (scientific name: Zeemays) is commonly known as corn in some countries. Surjana and Maize seeds are easily available in the Indian region. The mature seed of both plants were washed with water to remove dust and were dried in an oven at 60 ± 2°C. The dried seeds were crushed and powdered and sieved through 200 lm nylon sieves and used as coagulants. Chitin is a cellulose like biopolymer widely distributed in nature, especially in marine invertebrates, insects, fungi, and yeasts. Its deacetylated product, Chitosan, is readily soluble in acidic solutions, which makes it more available for applications. Chitosan is a biodegradable, non-toxic, linear cationic polymer of high molecular weight. It was procured from Sigma-Aldrich, India.
Congo Red dye
The dye, Congo Red (CR) (C.I. No. 22120, Direct Red 28) is the sodium salt of benzidinediazo-bis-1-naphthylamine-4-sulfonic acid having a chemical formula C 32 H 22 N 6 Na 2 O 6 S 2 : and molecular mass: 696.66 g/mol, used in this study was supplied by Sigma-Aldrich, India. The structure of Congo Red molecule is shown in Fig. 1 . The concentration of CR in each aqueous solution was measured on an UV-vis spectrophotometer (ELICO SL 164 Double Beam UV-vis spectrophotometer) at k max = 500 nm.
Experimental design
The dye stock solutions were prepared by dissolving accurately weighed dyes in distilled water to the concentration of 60 ppm. The experimental solutions were obtained by diluting the dye stock solutions in accurate proportions needed to initial concentrations. The coagulation experiments were carried out as shown in Table 1 and process parameters such as dye's initial concentration of 200 mg/l and agitation speed of 200 rpm were maintained. The pH of the system was maintained by 1.0 N HCl or 1.0 N NaOH during the experiment. Also, the coagulation process was conducted using process optimization parameters. All other chemicals used were of analytical reagent grade.
The percentage of removal was calculated using the following formula:
where C o and C e are initial and equilibrium concentrations of the dye, respectively. V is the volume of the solution and W is the weight of the adsorbent used.
Also, the characterization of sludge produced was measured in terms of Sludge Volume Index (SVI) and turbidity was determined using standard methods for examination of water and wastewater (APHA, 1992) for all process parameters including process optimization.
Results and discussion
Effect of pH
In the coagulation process, the factor of pH affects the surface charge of coagulants and also the stabilization of the suspension. Fig. 2 represents the effect of pH on the removal of CR using 15 mg/l dosage of natural coagulants viz. Chitosan, SSP and MSP. From these graphs, it is observed that removal of CR was higher at acidic condition, particularly at pH 4. The highest removal was found to be 84.5%, 81.2% and 74.1% using SSP, Chitosan and MSP, respectively, at pH 4. The same results of various coagulants were reported by some researchers (Nicolaou and Hadjivassilis, 1992; Lin and Peng, 1996; Kim et al., 2003) using various coagulants. Also, SSP was found to be more effective than coagulants used like Chitosan and MSP.
Okuda had demonstrated the mechanism of SSP as a coagulant (Okuda et al., 2001) . Also, the studies were conducted to determine their efficacy in water treatment using agrobased materials like Surjana seed (M. oleifera), Nirmali seed (Strychnos potatorum) and maize (Zeemays) as a coagulant aid in conjunction with alum (Raghuwanshi et al., 2002) . For Chitosan, the amino groups of Chitosan were protonated in acidic solution. The protonation of amino groups of Chitosan in solution makes Chitosan positively charged, which act as a cationic polyelectrolyte. Since the particles in textile suspensions were negatively charged, Chitosan was very attractive as a coagulant by allowing the molecule to bind to the negatively charged surface via an ionic or hydrogen bonding. This will further reduce or neutralize the particles surface charge. Therefore, the particle destabilization by Chitosan could be explained by charge neutralization mechanism. Besides, Chitosan would be expected to exhibit behavior typical of a polyelectrolyte when under these conditions. Polyelectrolyte acts as coagulant aids in the treatment of water and wastewater (Hassan et al., 2009 ).
Effect of coagulant dose
Coagulation dosage is one of the most important parameters that has been considered to determine the optimum condition for the performance of coagulants in coagulation and flocculation. Essentially, insufficient dosage or overdosing would result in the poor performance in flocculation. Therefore, it is significant to determine the optimum dosage in order to minimize the dosing cost and sludge formation and also to obtain the optimum performance in treatment. The effect of coagulant doses (5-35 mg/l) on the removal of CR using Chitosan, SSP and MSP maintaining pH 7, temperature of 300 K and flocculation time 45 min was represented in Fig. 3 . It shows that there was continuous removal of CR with increases in coagulant doses up to 25.0 mg/L, which may be due to increases of substantially. The straight/lower line after 25.0 g/l indicates that a optimum dose of 25.0 g/l was found for all coagulants investigated. This may be as a result of resuspension of solids at this concentration. Furthermore, the high concentrations (>25.0 mg/L) of the coagulant confer positive charges on the particle surface (a positive zeta potential), thus re-dispersing the particles (Amuda and Amoo, 2007) .
It is also an assumption that an increase in the coagulant dose may be caused by a decrease in pH of system. The decrease in pH may be resulted from the hydrolysis of the coagulants. Low pH values of the coagulated system usually may be contributed to the neutralization of the negatively charged surfaces of wastewater colloids, leading to their destabilization by H+ ions. However, acidification of coagulated wastewater may disturb sorption or could increase the solubility of freshlyformed sludge. The highest percentage removal of CR was found to be 70.2, 66.0 and 60.5 using SSP, Chitosan and MSP, respectively. Such observation of continuous removal with increasing coagulant dosage was reported earlier (Mohan et al., 2008; Gao et al., 2007; Liu and Lien, 2001 ). Also, it was reviewed that SSP is more effective than Chitosan and MSP.
Effect of flocculation time:
The time of macrofloc formation (flocculation time) is one of the operating parameters that is given great consideration in any water treatment plant that involves coagulation-flocculation operations. Fig. 4 represents the effect of flocculation time using different dose of coagulants, i.e., for removal of CR. The consistence increment of removals was revealed with increasing flocculation time up to 60 min, and thenafter removals were decreased. The optimum flocculation time was found to be 60 min. The highest removal of CR was found to be 69.8%, 65.0% and 60.0% using SSP, Chitosan and MSP, respectively, at 60 min. These results are matches with other references (Aziz et al., 2007; Ghaly et al., 2006) . Further, it is verified that SSP is more effective than Chitosan and MSP. Ebeling studied that the removal of Turbidity and Soluble Reactive Phosphorus (SRP, orthophosphate) was increasing as settling time increased from 5 to 45 min (Ebeling et al., 2003) . A series of jar tests were conducted to fetch the effect of settling time (0, 5, 10, 15, 20, 25 and 30 min) on the removal efficiencies of TP, COD and TSS using low alkalinity wastewater and the results show that the small particles settle out quickly within the first 5 min, with little change in the values up to 15 min The differences in TP, COD and TSS removal were not significant after 20 min of settling (Banu et al., 2008) . A coagulation treatment study was conducted using polyaluminium chloride and ammonium sulfate and revealed that lower concentrations (0.02-1.0 g/l) and longer settling time (30-60 min) gave the greatest reduction in COD and turbidity (Omar et al., 2008) . The coagulation study was performed using solid PSF (poly-silicic-ferric) and concluded that the removal of dissolved organic matters can be improved, when the settling time of coagulation process increases (Fu and Yu, 2007) .
Effect of temperature
The effect of temperature (300, 310, 320, 330, 340 and 350 K) on the CR removal using Chitosan, SSP and MSP was investigated and represented in Fig. 5 . The nature of curve shows that the percentage removal was continuously increasing with increasing temperature. Also, straight line was observed after 340 K. So, optimum temperature was attained at 340 K for all coagulants. The highest removal of CR was found to be 59.9%, 52.5% and 45.5% using SSP, Chitosan and MSP, respectively, at 340 K. This trend was observed using various types of coagulants (Jiang and Graham 1996; Rios et al., 1998) . Further, it is confirmed that SSP is more effective than Chitosan and MSP.
Ozbelge concluded that flocs settlement was reduced with a decrease in temperature from 23°C to 15°C using FeCl 3 and carbonate as coagulants (Ozbelge et al., 2002) . The chemical reactions of coagulation had increased at higher temperature. Reduction of turbidity at higher temperatures was attributed to higher Brownian and Van Der Waals movements in water, which had enhanced the chemical reactions (Aziz et al., 2007) . The effects of low temperature on coagulation kinetics and floc surface morphology were examined by Xiaoa et al., (2009) and they show that low temperatures slowed down the coagulation process as reflected in the decrease in aggregation rate and rate constants.
Process optimization
The optimum parameters viz. pH, coagulant dose, flocculation time and temperature for removal of CR were found to be 4.0, 25 mg/l, 60 min and 340 K, respectively, derived for all natural coagulants investigated. Two batch experiments were conducted using these optimum parameters and the average percentage removal was found to be 98.0, 94.5 and 89.4 for SSP, Chitosan and MSP, respectively. The same CR percentage removal (90-95%) was found using various aluminium species (Shi et al., 2007) as coagulants, ozonation process (Gharbani et al., 2008) and cheap adsorbents (Bhatnagar et al., 2005; Namasivayam and Kavitha 2002; Azhar et al., 2005) .
Analysis of SVI and turbidity
The stability of the microbial aggregates in activated sludge and the effluent quality are crucial in solid-liquid separation processes. Commonly, the Sludge Volume Index (SVI) is the most suitable parameter to define the sludge settling ability. Table 2 mentions the average values of SVI and turbidity using various parameters like pH, coagulant dose, flocculation time and temperature for removal of CR dye. It also represents data of process optimization. The decreasing order of SVI was found to be: temperature > flocculation time > coagulant dose > pH > process optimization. It indicates that lowest SVI are found more desirable after process optimization. Tempeture (K)
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Chitosan Surjana Seed Maize Figure 5 Effect of temperature on the removal of CR using natural coagulants.
optimization were found to be 61, 78 and 181 using Chitosan, SSP and MSP, respectively. So, higher values of SVI were found using MSP, then, SSP and Chitosan, respectively. Higher SVI values suggest poorer sludge compaction characteristics. The average values of turbidity for all parameters including process optimization were found to be 67, 48 and 28 using Chitosan, SSP and MSP, respectively. A good sludge should have an SVI less than 80 mg/g and a very good one around 50 mg/g (Oladoja and Aliu, 2009; Aziz et al., 2007; Ozbelge et al., 2002) , so, Chitosan is considered as a significant coagulant than SSP and MSP for all parameters investigated corresponding to SVI values. This phenomenon of Chitosan for SVI could be explained based on charge density. If compared to the other coagulants like SSP and MSP, Chitosan has a high charge density. Moreover, the charge density of the polymer increased when polymer adsorption increased. Therefore, this signifies the rapid destabilization of the particles. In other words, it can be defined as Chitosan, a coagulant which has a high charge density, requires a less amount to destabilize the particles (Hassan et al., 2009) .
The SVI parameter indicates the morphological and settleability state of the microbial aggregates. Sometimes, high number of small aggregates and free bacteria, which do not settle, can lead to a high turbidity of the treated effluent. If they are well flocculated, they will become a part of the settling matrix. If not, they will not settle and contribute to higher turbidity. SVI values were found to decrease with process optimization. Higher SVI values, which suggest poorer sludge compaction characteristics, were observed for MSP and Chitosan, respectively. The effluent turbidity enhances for all coagulants investigated, despite the SVI decrease, which could be due to several reasons: the inhibition of WWTP regulatory action towards the dispersed bacteria due to the protozoa's decline with salt content increase; and certain species of microorganisms may collapse due to stress leading to the release of their cellular components into the bulk increasing turbidity. With salt concentrations, the higher stress on the microbial cells decreases coagulation and flocculation abilities, which may increase the effluent turbidity. The obtained results for the settleability properties suggested that SVI and turbidity are not directly related. Furthermore, it seems reasonable to assume that both measurements are complementary, and, therefore, turbidity can be a valuable indicator towards the assessment of the aggregated biomass structure.
Conclusion
Present study analyzed the feasibility of Congo Red dye using naturally prepared coagulants viz. SSP, MSP and Chitosan.
The various parameters like pH, coagulant dose, flocculation time and temperature were investigated in this study. The process optimization of these mentioned parameters was also intended and highest percentage removal of CR was achieved using it. So, SSP was more preferable than Chitosan and MSP, respectively. SVI and turbidity were evaluated for all parameters and it indicated that Chitosan was more preferable than SSP and Chitosan, respectively. 
